Various commercial and industrial properties of polymeric materials can be developed by the way of purposeful synthesis. For example, there are polymeric materials of extremely developed intrinsic microporosity. In attempts to further develop membrane properties (permeability and selectivity), the researchers articially increase the pore sizes by various external inuences, such as plastication by saturation of polymers with gases, sometimes in supercritical state, lling of a polymer with some non-organic components (zeolites). Sometimes, porosity of the composition appears to become higher than that of the components. This porosity, in dierence with intrinsic one, can be called externally aected. The reason of these phenomena is not always clear, and in order to get some ideas in this eld we suggest an experimental study using a combination of the two genetically interconnected (by spur processes) methods: positron annihilation lifetime spectroscopy and thermostimulated luminescence. This paper summarizes recently published and completely new results of the authors in order to illustrate the benets of this experimental approach.
Introduction
Positron annihilation lifetime (PAL) measurements were used for years for the studies of free volume in polymers [14] . We continue this direction on example of membranes and sorbents.
One of the specic parts of the investigation includes modied materials. They are modied in a way to obtain new unique properties. For example, better permeability or selectivity in membrane materials, more stable operation properties of heterophase polymer compositions. It was shown previously that for membranes, the promising way is a creation of compositions of polymers and zeolites or some other admixtures (mixed matrix membranes, MMMs) [57] . Another way is a saturation of a polymer with gas in a supercritical state with following increase of temperature [8] .
The second specic feature of this study is a combination of the data of two experimental methods: PAL measurements and thermostimulated luminescence (TSL).
The last one is the emission of energy (light) by a substance on heating, after preliminary irradiation at low temperature. As it was stressed recently, both methods are genetically interconnected by the same radiation--chemical nature of the process (spur process). At low temperatures, intensity of the positronium formation and * corresponding author; e-mail: shant@center.chph.ras.ru integral intensity of TSL are dependent on the storage of the spur electrons (weakly bound electrons). The obtained results make another proof of the spur mechanism of positronium formation [9] .
In this study, we wanted to check the benets of combination of the room temperature PAL data and low temperature TSL data for investigation of some new membrane materials and heteropolymers. The logic of interpretation was as follows. Polymer membrane permeation for some gases depends on the local free volume. This elementary free volume determines the ortho-positronium (o-Ps) lifetime, too. Further on, there is a theoretical suggestion that the free volume (and corresponding long--lived o-Ps component) depends on the polymer local rigidity [10] . In its turn, the rigidity determines the shape of the curve of the integral intensity of the TSL. The shape is characterized in our case by relative intensity of the high temperature (above 200250 K) component (so-called parameter α) [9] .
In this paper, the correlation is illustrated by the data on the PAL, TSL and permeation parameters for a number of porous and novel membrane materials, such as cross-linked polystyrenes, poly (3-methylsilyl propine)
PTMSP [3] , polymer of intrinsic microporosity PIM-1 (polybenzodioxane) [3, 11] , peruoro-polymers AF1600 and AF2400 [3] , and mixed matrix membranes MMMs composed of metal organic frameworks MOF (SAPO or ZIF [6] ) and polymers PIM or poly(hexauoro propylene) (PHFP). The obtained results conrm the idea on the interconnection between the permeability, free volume, and local rigidity (local tensions, steric hindrances) 
Advantages of the PAL and TSL data combination
The combination of TSL (relatively low temperatures) and PAL (room temperature) data are still eective in the studies of polymer structure compositions, multicomponent polymeric materials, when the specic o-Ps lifetimes are close enough and unresolved by the PAL spectroscopy. The objects of such experimentation [7] were chosen to be isotactic polypropylene (PP) and its blends with ethylene-propylene-diene terpolymer EPDM (0100%), containing the non-vulcanized and the vul- 
Particularly, according to [10] , the relation (1) means that the rigidity of AF2400 is higher than AF1600, as well as the expected free volumes. This is actually seen from the PAL experiments, which means further interconnection of the PAL and TSL data. We had tried to express this interconnection numerically considering the ratio α of the intensities of high-temperature and low--temperature components of the curve demonstrating a dependence of the integral TSL intensity on temperature. The way of calculation of the parameter α is shown in Fig. 3 . Polymeric sorbents of the CPS type (Fig. 6) give similar but even stronger dependence of the eective radius of pores on the values of parameter α, conrming in this way the suggested experimental approach.
Mixed matrix membranes
One of the contemporary methods of obtaining materials of high permeation and developed specic surface is preparation of mixed matrix compositions [5, 6] , particu- Meanwhile, namely the largest pores, on the edge of Fig. 7 . TSL curve for the system PIM/ZIF with intensive high temperature component corresponding to high permeaion of the composition (see Table) . Comparing sensitivities of the PAL and TSL methods, we may suppose that this dierence can be explained by the dierence in the mobility of the precursors of the localized Ps (PAL) and mobility of free electron (TSL).
We continue the studies of polymeric composition materials using combinations of PAL, TSL and the BrunauerEmmettTeller (BET) measurements.
6. Conclusions 
